The physiological role of autophagy in the catabolic process of the body involves protein synthesis and degradation in homeostasis under normal and stressed conditions. In hepatocellular carcinoma (HCC), the role of tumor microenvironment (TME) has been concerned as the main issue in fighting against this deadly malignancy. During the last decade, the crosstalk between tumor cells and their TME in HCC extensively accumulated. However, a deeper knowledge for the actual function of autophagy in this interconnection which involved in supporting tumor development, progression and chemoresistance in HCC is needed but still largely unknown. Recent studies have shown that coagulants tissue factor (TF) and factor VII (FVII) has a pathological role in promoting tumor growth by activating protease-activated receptor 2 (PAR2). Autophagy-associated LC3A/B-II formation was selectively suppressed by FVII/PAR2 signaling which mediated by mTOR activation through Atg7 but not Atg5/Atg12 axis. The coagulant-derived autophagic suppression seemed potentiate a vicious circle of malignancy in producing more FVII and PAR2 which facilitate in vivo and in vitro tumor progression of HCC and the investigations are consistent with the clinical observations. In this review, we briefly summarize the current understanding of autophagy and discuss recent evidence for its role in HCC malignancy.
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Autophagy constitutes some of the most basic reactions in which cells sequesters part of their own cytosolic components and organelles into membrane-bound vesicles for degradation and, upon energy deprivation, convert the protein and lipid contents into life-preserving fuel while delivering to lysosomes. In addition, autophagy also participates in removal of malfolded protein aggregates and dysfunctional organelles under stressed conditions, whereas its cargo contents are ultimately broken down and recycled back for supporting metabolic processes [1, 2] . Autophagy process is evolutionally conserved which have been categorized into distinct steps with more than 30 autophagy-related proteins (ATG) involved [3e5]. This "self-eating" process is induced by a variety of intracellular and extracellular stimuli, such as oxidative stress, assorted pathogens cytokine stimulation, damaged organelles and accumulated protein aggregates especially in low-nutrient environments [6, 7] .
The mammalian target of rapamycin (mTOR), a key molecule lies at the heart of nutrient-sensing cascades which has been identified as a main regulator of autophagy activity and plays a pivotal role in coordination of cell growth and progression in various cancers [8, 9] . Solid tumors generally experience both nutrient deprivation and hypoxia while lacking vascularization, and induce a proliferation response in cancer cells [10e12] in which mTOR acts as a restriction point regulator between proliferation and differentiation in response to their environmental change [13] . Thus, cancer cells are optimized for growth and survival through the ability to surpass metabolic hurdle, thereby alter cell metabolism toward anabolic conditions, anaerobic glycolysis and acidosis to meet their advantageous demands [14, 15] .
However, hepatocellular carcinoma (HCC), the third leading cause of death from cancer worldwide is a highly vascularized solid tumor with a rapid annual growth rate to be diagnosed and poor prognosis. Although the incidence of HCC decreased to the third from the second leading cancer causes since 2012, HCC patients are still facing the high risk of recurrence and mortality in Taiwan [16] . In one center experience of Kaohsiung Chang Gung Memorial Hospital, most cases of HCC are due to liver disorders with chronic viral infection (hepatitis B, C and B þ C, more than 90%). Furthermore, hospital-based analysis for identifying prognostic factors of HCC was earlier conducted. In a large retrospective cohort of 6381 HCC cases diagnosed from 1986 to 2002 were enrolled and the independent factors influencing survival were revealed by multivariate analysis. Besides those wellknown prognostic factors, such as alpha-fetoprotein, HBV surface antigen positivity, degree of liver function impairment and tumor status, relative high platelet counts were identified as a poor prognostic factor [17] . Hence, the special etiologies identified in our clinical observations imply critical tumor microenvironments may be involved in the malignant progression of HCC in this HBV endemic area.
Autophagy and HBV
Chronic HBV infection has been epidemiologically associated to the development of HCC for almost half a century and HBV X protein (HBx) has been found to play critical roles in this hepatocellular carcinogenesis [18, 19] , however the underlying mechanisms by which infection to drive HCC malignancy are still largely unclear. HBx subverts a variety of cellular activities such as transcription, autophagy and proliferation by interacting with transcription factors without direct DNA binding [20, 21] . Autophagy can be triggered by HBx directly through up-regulation of autophagic protein expression, or indirectly through activating class III phosphatidylinositol 3-kinase (PtdIns3K) and ER stress response [22e24]. The relevance of HBx-promoted autophagy has been suggested to promote viral replication, however the mechanisms to affect the cytoplasmic modulation of signal transduction pathways by autophagy are still controversial [22, 23, 25] . Interestingly, a different group has shown that autophagy-deficient mice with systemic mosaic deletion of Atg5 or liver-specific loss of Atg7 develop multiple tumors [26] . A recent study also demonstrated HBx inhibits autophagy degradation by interfering lysosomal maturation, although the number of autophagosomes was increased in tumor cells. These findings indicates an important suppressive role of autophagy in tumorigenesis of HCC, and that HBx restrained autophagic flux leading to the accumulation of autophagosomes which might contribute to further malignancy. . In general, a hypoxic microenvironment involves in tumor progression which includes local invasion, distant metastasis and therapeutic resistance [37] . Both TF and FVII are found to be induced in response to hypoxia, and known to initiate key pathogenesis in cancer [38] , however their regulatory mechanisms are distinct in ovarian cancer cells [30,39e42] . In addition to ovarian cancer, it has also been demonstrated by immunohistochemical analyses that TF is high expressed in breast cancer and pancreatic cancer tissues [43e45] . Although numerous studies have suggested that TFfVIIa complex formation on the cell surface contributes to the malignant phenotypes of cancer, TF expression varies among different types of malignancies; some may be more pro-thrombotic than others. Inhibition using specific antibodies or peptide inhibitors concludes that blockade of the FVII/TF/PAR2 signaling independent of the coagulation response can suppress cancer progression [25, 29] . The detailed regulatory mechanisms are not clear; however transcriptional activation appears to be a major mechanism of TF over-expression [30] . Therefore, therapeutic strategies targeting TF has been considered to be advantageous to cancer progression, although the possible impairment of the homeostasis of coagulant physiology should be considered.
Coagulant microenvironment in HCC
Mechanisms of coagulant initiation in HCC are not completed revealed. Interestingly, extremely low level of TF mRNA is expressed in liver compared to other tissues, however the physiological reason is also not clear [46, 47] . Angiogenesis has well known to be an important factor in the development, progression and recurrence of HCC and its targeting has been vigorously studied for potential therapeutic strategies [48e50]. Poon et al. have evaluated the correlation between TF expression with tumor angiogenesis and invasiveness in HCC which was the first suggesting a significant association of TF levels with microvascular density, venous
invasion, microsatellite nodules, tumor staging, and survival [51] . A recent study also demonstrates that circular and local regional TF is overexpressed in HCC patients, and it is closely related to the invasive and metastasis indexes [52] . Our recent studies have demonstrated that activation of the TF/FVII/PAR2 axis is associated with increased migration and invasiveness in hepatoma cells in vitro [32, 33, 52] . This finding could be consistently observed in tumor tissues from HCC patients, where we found that increased FVII and PAR2 levels were significantly associated with clinical stage, increased invasion, and poor disease-free survival, however none of any significant association with TF expression. It is noteworthy that the signals driving FVII/PAR2 stimulation of cell migration are mainly via ERK-TSC, independent of other coagulation effectors such as thrombin/PAR1. Furthermore, only FVII, but not soluble TF, activates ERK1/2 via PAR2 signaling in our cellular model which indicates that FVII/PAR2 signaling could be regulated by other mechanisms distinct from TF activation. Additionally, both activated FVII and the PAR2 agonist drastically induce FVII and PAR2 expression whereas no significant effects on TF expression were observed. Hu et al. have shown that MAPK/ERK signals inhibit PI3K/Akt-mediated TF expression in breast cancer and ovarian cancer cells [53] . Their findings indicate opposite regulation by PI3K/Akt and MAPK/ ERK pathways of tissue factor expression existing in tumorbearing coagulant microenvironment. Therefore, the amount of activated FVII would determine the ratio that is engaged in activating PAR2 for tumor progression. Although TF expression is closely related to the aggressiveness of several cancers, our results are more consistent with the findings from Rullier et al., in which no association between TF levels and clinicopathological characteristics of HCC was observed [54] . Some studies have also shown that TF contributes minimally to tumor growth [55e57]. Therefore, the role of TF in cancer progression may be essential in some but not all cancers, and TF may not be a reliable prognostic marker at least for HCC progression in some local geographic variations of viral etiology. In addition, animal model using mouse xenografts can well reflect our clinical findings, where we find that FVIIa administration only positively affects vascular density, not the size and number of inoculated tumors. The results are consistent with the expression of FVII in liver tissue of patients with HCC, which is related to vascular invasion and envelope capsulations, but not to the number and size of tumors.
Coagulants and autophagy in HCC
In our clinical investigation for HCC, we were the first to demonstrate that both FVII and PAR2 expressions were inversely correlated with the amount of autophagic proteins LC3A/B-II [31] . We also showed that TF, FVII and PAR2 agonist decreased expression of LC3A/B-II proteins in cultured Hep3B cells suggesting a crucial impact of the TF/FVII/PAR2 coagulation pathway on autophagic suppression. The dependence of mTOR activation on thrombosis has been seen in various pathological conditions, in which the risk of thrombotic events while patients were receiving organ transplants [58e63]and coronary stents [64] was associated with TF expression. In our study, TF, FVII as well as the PAR2 peptide agonist, rather than thrombin and PAR1 agonist, induced mTOR activation and expression whereas silencing of TF, FVII or PAR2 by siRNAs repressed its phosphorylation and expression in hepatoma cell lines. Furthermore, suppressed LC3A/B-II expression levels by activation of TF, FVII and PAR2 were fully rescued by mTOR knockdown or treatment of mTOR inhibitors in vitro. Our results illustrated the mTOR dependence incoagulantmediated repression of autophagy. However, mTOR targeting may result in differential outcomes. Administration of metformin, which negatively regulates mTOR by activating adenosine monophosphate kinases (AMPK)has been found to elicit a contradictory effect, suggesting that mTOR blockade does not always lead to autophagy [65] .
The miRNA-mediated autophagic repression in HCC Numerous studies have shown that aberrant miRNA expression can be used as a potential diagnostic or prognostic tool for malignant tumors including HCC because tumor-derived miRNAs circulate in relatively stable form [66, 67] . For instance, miR-122, miR-223 and miR-199a/b-3p are those of the most highly expressed miRNAs in the liver, were found to be down-regulated in HCC [68, 69] . In addition, miRNAs act as oncogenes including miR-221, miR-130b and miR-494 have been shown to regulate HCC growth and invasion [70e72] and emerging evidences suggest that miRNAs could mediate the survival, progression, invasiveness and chemoresistance of hepatic cancer stem cells [73e75] . Thus, recent studies have focused upon investigating critical mechanisms regulated by miRNAs expression underlying the "loss of stemness" to characterize epithelial mesenchymal transition (EMT) and serving as potent biomarkers or therapeutic tools to control neoplastic behaviors of HCC [76] .
For the regulation of miRNA homeostasis, it has been discovered that the miRNA processing components DICER1 and EIF2C are targeted by selective autophagy which establishes a "checkpoint" for maintenance of miRNA abundance and their proper activity [77e79]. This finding suggests pathological inter-dependence of dysregulated autophagy with defects in miRNA expression. Nonetheless, miRNAs that modulate autophagy and their involvement in HCC progression have not been much addressed. A recent study has identified that miR-7 is down-regulated and plays an oncosuppressor role by direct targeting mTOR in HCC [80] . In this study, autophagic suppression enhances the growth inhibition effect of miR-7 in HepG2 cells suggesting that modulation of autophagy could be practical approach to promoting oncosuppressive activity of miR-7. Our current study identified miR-135a as a highly expressed miRNA of tumor tissues in association with higher FVII/PAR2 expression and in response to FVII/PAR2 activation [81] . Interestingly, increased miR-135a levels in HCC are significantly associated with viral etiology, hepatitis B surface antigen (HBsAg), tumor staging, recurrence, microvascular invasion as well as decreased diseasefree survival. We also identified a key autophagic component ATG14 which orchestrates the autophagy process by regulating autophagosome formation is direct targeted by   b i o m e d i c a l j o u r n a l 4 1 ( 2 0 1 8 ) 1 6 3 e1 6 8 miR-135a. Over-expression of miR-135a resulted in an apparent decrease in Atg14 protein, and its downstream LC3A/B was also decreased in Hep3B cells. We also demonstrate a strong correlation between FVII, miR-135a and Atg14 levels in 103 clinical cases of HCC. This study is also the first to reveal the association among coagulant-mediated autophagic suppression, viral etiology, microvascular invasion and tumor malignancies in a translational approach of HCC. It implies that the suppressive role in autophagy by miR-135a could be crucial for tumor progression within a local geographical microenvironment affected by both viral infection and circulating factors such as FVII in the liver sinusoids. The regional autophagic suppression might induce a vicious cycle in producing more FVII/PAR2/miR-135a molecules and might be an earlier molecular event for tumor invasion of HCC [ Fig. 1 ]. Detailed investigation for the vast of other differentially expressed miRNAs affected by the local cellular context of coagulation is required to be carefully examined for potential future diagnostic and therapeutic purposes.
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